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Reproduction, length-weight relationship and condition
of sardine, Sardina pilchardus (Walbaum, 1792),
in the eastern Middle Adriatic Sea (Croatia)
Abstract
Background and Purpose: The reproductive cycle of sardine, Sardina
pilchardus (Walb.), from offshore (Dugi otok) and inshore waters (Virsko
more) of Mid Adriatic Sea was studied to gain information on spawning pe-
riod, sex ratio, length-weight relationship and condition of this most com-
mercially important fish species in the Adriatic Sea.
Materials and Methods: A total of 1,219 sardine specimens were col-
lected from monthly random samples of purse seine catches realized in the
Mid Adriatic Sea during the March 2004 – February 2005 period. Fish were
measured and weighed. Sex was determined and gonad maturity stage was
assessed. Gonadosomatic index (GSI) was calculated by expressing the
monthly gonad weight as a proportion of the total body weight. The length
(LT)–weight (W) relationship was determined (log W= log a + b log LT)
as well as the monthly fish condition, using Fulton’s equation (K=100
W/ LT 3).
Results and Conclusions: The total length of sardine ranged from 13.0
to 19.0 cm and the mass ranged from 16.72 to 51.45 g. Sex ratio was differ-
ent from 1:1; males predominated (a/b=1.2). The reproductive activity
period was from October to May, coinciding with the most developed stages
of gonads as well as with the highest gonad weights and gonadosomatic in-
dices. The length-weight relationship of sardine was described by the expres-
sion: W=0.026 LT2.5538 (r2=0.697). Fulton’s condition factor showed
greater values in sardine samples from the inshore waters (Virsko more,
K=0.8205) than those from the offshore waters (Dugi Otok, K=0.7317).
INTRODUCTION
The sardine, Sardina pilchardus (Walbaum, 1792), is the most nu-merous and the most economically important fish species in the
Adriatic Sea (1, 2). It belongs to the Clupeidae family and lives in the
eastern Atlantic from 15° to 66°N and from 23° to 42°E, including the
entire Mediterranean basin. As a typical representative of shoaling
small pelagic fish species, sardine migrates in shoals 14 cm/sec (3). Hy-
drographic (temperature) and biological factors (feeding and spawn-
ing) are the major reasons for sardine migrations (4, 5, 6, 3, 7). During
autumn and especially winter months sardine migrates toward spawn-
ing grounds which are located in the open waters of the Adriatic Sea. In
spring, its shoals return to shallower, coastal waters (8, 6, 9).
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Sardine is a multiple spawner with continuous game-
togenesis, external fertilization, no parental care and very
high fecundity (10). Fecundity depends on the spawning
season duration and previously stored reserves and food
availability to ensure the continuous development of ga-
metes (11). First maturity occurs at very low size and age
(12, 13, 14). It probably varies in length from year to year
because ecological conditions have an immense influ-
ence on the sexual maturity of fish, in particular the
amount of available food and the temperature (15, 16).
The length-weight relationship is widely used in fish-
ery studies as it allows conversion of growth-in-length
equations to growth-in-weight for use in stock assess-
ment models, estimation of biomasses from length ob-
servation, estimate of the condition of the fish and com-
parison between regions of certain species life histories
(17,18,19). These relationships are also frequently used
to follow seasonal variations in fish growth and to esti-
mate condition indexes (20, 21, 22).
Considering the economic importance of sardine and
its position in the feeding chain of the ecosystem sardine
along with plankton, constitutes the base of the sea eco-
logical pyramid – it is necessary to survey all changes in
sardine population so that it would be possible to react in
time to all possible negative changes or suggest measures
for protecting this most commercially important fish spe-
cies in the Adriatic Sea (2).
It is an interesting fact that the first records on the
fisheries, catches and distribution of small pelagic fish in
the eastern part of the Adriatic Sea date from the tenth
century and originated from the southeast area of Dugi
Otok which is the area of our investigation.
Thus, the objective of this study was to gather precise
information of the spawning period, sex ratio, length-
-weight relationship and sardine condition in the eastern
Mid Adriatic Sea.
MATERIAL AND METHODS
Sardine specimens (N=1,219) were obtained by sam-
pling 12 purse seine catches of small pelagic fish species
from the catches of inshore (Virsko more) and offshore
waters (Dugi Otok) of the eastern Mid Adriatic Sea (Fig-
ure 1).
Sardines were caught by purse seine using 8 mm
mesh under artificial light, during the night, but not dur-
ing a full moon. Samples were collected monthly from
March 2004 to February 2005. Virsko more (inshore wa-
ters), situated northwest of Zadar, has an average depth
of 45 m. The sea bottom is mainly covered with sand
(23). Average surface temperature in inshore waters was
between 11°C (March) and 26.5°C (August). During
summer months, the average oxygen saturation is 105.4%.
Hydrographic parameters of offshore waters (Dugi
Otok) showed slight oscillation; average surface temper-
ature was between 11°C (March) and 24.2°C (July). The
mean value of salinity was from 37.01 p.s.u. (April) to
38.67 p.s.u. (March) (24). Winds were very strong, espe-
cially the southern wind which usually dominates in this
area.
In the laboratory, fish were measured (nearest mm in
total length /LT/), weighed (nearest cg in wet mass) and
dissected for sex determination immediately after land-
ing.
The analysis of the reproductive cycle was based on
the monthly gonad weight (Wg) and gonadosomatic in-
dex (GSI). Gonadosomatic index (GSI) was calculated
by expressing the monthly gonad weight as a proportion
of the total body weight (GSI =100Wg/W, where W is so-
matic fish weight and Wg is gonad weight). This index
was calculated for each of the analyzed individuals and,
finally, a mean monthly index was estimated.
Sex ratio (male:female) was calculated and significant
differences from the expected ratio (1:1) were tested by
means of c2 test (25).
The length (LT)–weight (W) relationship was deter-
mined according to the equation: log W= log a + b log
LT.
The Fulton’s equation (K=100W/ LT 3) (26) was
used to estimate monthly fish condition, where a and b
are the coefficient and exponent of the annual LT – W re-
lationship, respectively. To avoid the length influence on
fish condition, only data on fish from 14.0 to 18.0 cm
were used to describe seasonal condition changes.
RESULTS
Population structure
During the time of investigation, 1, 219 sardine speci-
mens were analyzed. The total length of the sardines
ranged from 13.0 to 19.0 cm (Figure 2) with the mean
length =16.03 ± 0.88 cm. The total body weight ranged
between 16.72 g and 51.45 g. The mean body weight of
all specimens was 31.49 ± 5.32 g.
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Figure 1. A map showing the sampling area of the sardine, Sardina
pilchardus (Walb., 1792), in inshore waters () and offshore waters
() during March 2004 – February 2005.
The male length – range was 13.0 to 18.0 cm with the
mean length of 15.64 ± 0.86 cm in inshore waters, and in
offshore waters it was between 14.0 to 18.0 cm with the
mean length 15.88 ± 0.66. The female length range was
slightly wider, from 13.0 to 18.2 cm in inshore waters
with the mean length of 15.93 ± 0.97 cm, and from 15.0 to
19.0 in offshore waters (Figure 3) with the mean length
of 16.72 ± 0.76 cm. In addition, females were more fre-
quent at bigger size classes than males. There were sta-
tistically significant differences between male and female
weights (t=27.971; p<0.01) and lengths (t=21.98; p<0.01).
Sex ratio
The monthly variation of sex ratio in relation to len-
gth classes presented in Fig. 4. Out of the total sardine
specimens analyzed during the study (N=1,219), 668
(54.8%) specimens were males, 541 (44.4%) were fe-
males and 10 (0.8%) undetermined, juvenile specimens.
The overall sex ratio during the investigation period was
in favor of males (a/b=1.2); it significantly deviates from
the hypothetical distribution of 1:1 (c2= 13.34; d.f.= 1;
p<0.01). Males mainly predominated in all months, ex-
cept in April, June and September, when predomination
of females was evident (Figure 4).
Gonadosomatic index
GSI and gonad weight showed the lowest values dur-
ing the May-September period; minimal GSI was no-
ticed in July – 0.34% a and 0.47% b. Higher values of
GSI were noticed during the October-April period and
the peaks were during the November-February period –
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Figure 2. Length- frequency distribution of sardine, Sardina pil-
chardus (males; females; total ) from catch samples realized
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Figure 3. Length frequency distribution of sardine from catch sam-
ples realized in inshore (; N= 509) and offshore waters (;
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Figure 4. Frequency distribution of male (; N= 668) and female








































































Figure 5. Gonadosomatic index (GSI; ) and gonad weight (Wg;
) of the sardine, Sardina pilchardus, male (A) and female (B)
from catch samples realized in the Mid Adriatic Sea (Zadar area)
during March 2004-February 2005.
maximal GSI was in February (4.45%) for males, and for
females it was in March (4.71%). Peaking was more pro-
nounced for females (Figure 5). According to the results
of the present investigation, spawning occurred in Octo-
ber and lasted until April when the inactive phase of the
maturity cycle started. The most intensive spawning was
during December-March.
Length-weight relationship
The length-weight for males was: W= 0.0425 L2.3707;
r2 = 0.5820 and for females it was: W= 0.0342 L2.4645; r2
= 0.7329 (Figure 6). The relationship for sardine from
inshore waters (N=517) was: W= 0.0307 L2.5132; r2 =
0.6827 and from the offshore catch samples (N=702)
was: W= 0.0206 L2.6299; r2 = 0.7482 (Figure 7). The slope
of regressions and regression coefficients indicate a nega-
tive allometric growth for both sexes and areas – a pro-
portionally higher length increase relative to weight. Fe-
males had a significantly (t= 16.69; p<0.01) higher re-
gression coefficient (b=2.4645; r2 = 0.7329) than males
(b=2.3707; r2 = 0.5820).
A comparison of length-weight relationship between
the two-studied areas demonstrated that sardines from
Dugi Otok had greater exponent b of length-weight rela-
tionship (b=2.6299) than those from Virsko More
(b=2.5132).
Condition
The Fulton’s condition factor (K) was analyzed in
specimens which ranged from 14.0–18.0 cm. Sardines of
smaller length sizes from both areas had a greater Ful-
ton’s condition factor than those of larger lengths (Fig.
8). Fulton’s condition factor showed greater values in
sardine samples from inshore waters (K=0.8205) than
those from offshore waters (K=0.7317) (Figure 8). It is
evident that fish from the inactive phase of reproductive
cycle was generally in better condition (K=0.8234) than
the fish caught during spawning season (K=0.7409)
(Figure 9).
Analysis of variance showed that there were statisti-
cally significant differences among K values from in-
shore and offshore sardine samples from the Mid Adri-
atic Sea (F= 3.28; p<0.01).
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Figure 6. Length-weight relationship of male (A) and female (B)






































Figure 7. Length-weight relationship of sardine from catches realized
in inshore (A) (Virsko more) and offshore waters (B) (Dugi otok) of





















Figure 8. Fulton’s condition factor (K) in sardine samples from in-
shore waters (Virsko More;; N= 509) and offshore waters (Dugi
Otok; ; N= 700) of the Mid Adriatic Sea during March 2004-
-February 2005.
DISCUSSION
In population structure, sardine females showed wi-
der length range, greater modal, mean length and weight
than males, higher in offshore waters than in inshore wa-
ters (Figs. 2, 3). Sinov~i} (27) also found that sardines
from catch samples from the inshore Mid Adriatic Sea
were smaller in length those that from offshore waters.
Muino et al. (28) found greater length size amounts in
offshore sardine catch samples compared to those from
the inshore waters of the Atlantic.
The sardine, like other clupeids, is a multiple spawner
producing several batches of oocytes within reproductive
period (29, 30). Temporal evolution of gonadosomatic
index showed that spawning season in the study area
took place during October-April, which included matu-
ration, spawning and post-spawning period. Our results
on the reproductive cycle of sardine are consistent with
observations of most researcher who have studied sar-
dine spawning duration and found that it extended over
8-9 months with the maximum values of GSI from De-
cember to March in the Adriatic and Aegean Sea (1, 6, 10,
12, 13, 14, 31, 32, 33, 34) when the lowest annual values
of sea temperature were reported.
The length-weight relationship of sardines from the
Mid Adriatic Sea showed negative allometric growth.
Some earlier studies from the Adriatic Sea also reported
negative allometry of sardine length-weight relationship
in the North Adriatic (b=2.757) and Middle Adriatic
(b=2.851) (32, 35). Negative allometry was found in
length-weight relationship of sardine from the Ionian
Sea in 1995 (36) and in 2003 (37). Significant differences
between the slopes (b) of the length-weight relationship
between seasons (spring and summer) were found for
sardine on the Portuguese west coast (38). These differ-
ences may be attributed to changes in water temperature,
salinity and food availability, as well as to changes in ma-
turity stage (39).
It was found in the present study that the sex ratio
skewed to males in almost all length classes (Figure 3). In
general, variations of the sex ratio at different sizes are re-
lated to unequal rates of growth and mortality (40),
although a supplementary analysis of more samples of
each size would be advisable in order to corroborate the
obtained results. Analysis of sardine length-weight rela-
tionship showed that female sardines were significantly
heavier than males for a given length. Similar results
have been reported earlier (13, 32, 41). In general, it is
considered that a greater number of males is unadvan-
tageous since, as pointed out by Wootton (42), only pop-
ulations with the sex ratio biased toward females have a
greater rate of reproduction.
The Fulton’s coefficient of condition trends indicates
its size dependence – small fish specimens were in better
condition than the bigger ones. Also, samples of sardine
catches from inshore waters were generally in better con-
dition than those from offshore waters. The Adriatic Sea
is a semi-closed oligotrophic area. Besides, inshore wa-
ters abound in sardine food, mainly zooplankton, which
is not the case in offshore waters (43) and this is likely the
main reason for higher values of Fulton’s condition fac-
tor in inshore rather than offshore waters. Consequently,
Sinov~i} (44) reported the same situation with another
similar pelagic species, the anchovy.
In summer, when tropic conditions are at its best,
specimens feed abundantly (43), whereas the accumu-
lated reserves are in agreement with previous observa-
tions (6, 45). During autumn, in the gonad maturation
phase, a decrease of mean K could be explained by re-
serves used for sexual products. At the same time, gonad
growth depressed fish digestive tract and prevented food
consumption. Decrease in condition factors during an
inactive phase in reproductive cycle could be explained
by reserves used for sexual products. The energy nor-
mally used for maintenance and growth of the individual
is diverted toward gonadic maturation and spawning.
These results are in agreement with previous observa-
tions (46, 47, 48, 49).
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